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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

1. In an anesthesia apparatus, this anesthesia apparatus has a mass spectrometer (11), An 
anesthesia apparatus, wherein inhalation of air, expiration, or at least one returned gas constituents 
of anesthetic-gas content gas are quantitatively measured using this mass spectrometer (11) and 
this measured value is used for control of this anesthesia apparatus. 

2. Anesthesia apparatus according to claim 1 for measuring simultaneously gas constituents, i.e., 
oxygen, anesthetic gas, and nitrogen quantitatively. 

3. Anesthesia apparatus according to claim 1 or 2 by which safeguard is controlled by mass 
spectrometer (1 1). 

4. Anesthesia apparatus given in any 1 paragraph to claims 1-3 by which mass spectrometer (1 1) is 
combined with measurement point via one or more capillary tubes. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

Analysis apparatus for the surveillance of a xenon content anesthetic gas The anesthetization using 
the xenon as an anesthetic gas is already written in the medicine-related technical book from 
before for many years. There are a series of medical advantages today as compared with laughter 
gas (N 2 0) in ordinary use. However, broad introduction of the xenon to the above-mentioned 
application and a high raw material cost remarkable until now disagreed. 

The difference of such cost decreased dramatically by development in recent years, the improved 
anesthesia process (low Floe process (Low Flow-Technik); the minimum Floe process (Minimal-Flow 
Technik)) to which gas consumption decreased in this development — and, The recovery method 
(the Germany patent No. 441 1533 specification (CD) for the called xenon mixture which enables 
return of the operation ingredient xenon to the inside of an anesthesia gas circulation way is 
included. 

Mixing of the anesthetic-gas ingredient was performed by handicraft until now. 

The inhaler is written in the Germany patent application public presentation No. 3712598 

specification (A1). The xenon is mentioned with other anesthetic gases as an anesthetic gas. This 

anesthesia machine is available via the gas analyser which is not specified in detail. 

In the Germany patent application public presentation No. 3635004 specification (A1), the mass 

spectrometer for the surveillance of respiratory gas is written, and this mass spectrometer 

measures the amount of carbon dioxide in this case. 

The xenon which is an anesthetic gas is remarkably difficult to measure by analysis as noble gas. 
The gas analyser of daily use in the case of the anesthesia machine is unsuitable to fixed-quantity 
measurement of a xenon. 

Since [ in use of the xenon as an anesthetic gas / return of the xenon from expired gas / cost ], it 
is absolute necessity. The measurement which in return of the xenon of a under [ inhalation of air 
(inhaler side) ] the gas mixture thing-constituent of an inlet-side branch (Inspirationszweig) is 
perfect, and can be trusted is inescapable. On the other hand, in order to enable it to change to an 
auxiliary feeding means (for example, gas bomb) promptly in the case of failure of a device so that 
the quality of the gas in the case of return all over a respiratory circuit can be secured eternally, 
The gas mixture thing-constituent supplied by recovery must be supervised continuously.On the 
other hand, in order [ which supervises advance of a medical practitioner's anesthesia individually / 
which can carry out things and is controlled ] to be able to carry out things, the presentation of the 
anesthetic gas in a respiratory circuit must be pursued continuously. The nitrogen content to which 
it produces medically as [ both ] a remains impurity for which it can substitute, and the enrichment 
in a respiratory circuit must be additionally restricted from recovery must be supervised [ others / 
an operation ingredient, i.e., a xenon, and a respiratory ingredient, i.e., oxygen, ]. 
Automation of mixing of the anesthetic gas with which the respiratory gas ingredient other than the 
surveillance which the gas composition of inspired gas (gas for inspiration) and expired gas (gas 
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called by the patient) can trust was mixed and returned is a technical problem of this invention. 
The object of this invention is an anesthesia apparatus which has a mass spectrometer for 
quantitive measurement of at least one gas constituents in inspired gas, expired gas, or the returned 
anesthetic-gas content gas. 

A mass spectrometer is usually combinable with the gas stream which should be analyzed via a film 
or a capillary tube. The combination through a film has a fault of high gas consumption (about 5 l/h). 
The combination through a capillary tube is advantageous. Thus, the gas consumption can decrease 
to about 0.5 l/h. The capillary tube can consist of a plastic, metal, or glass. In the case of especially 
comparatively long measuring time and a comparatively long capillary tube, a capillary tube consists 
of metal advantageously. For example, the capillary tube which has the length 6-1 0m can be used. 
The pliability regarding the place about installation of a mass spectrometer becomes possible by 
this. 

In the case of the anesthesia apparatus by this invention, a mass spectrometer is used 
advantageously at simultaneous quantitive measurement of the gas constituents of inspired gas, 
expired gas, or the returned anesthetic-gas content gas, i.e., oxygen, an anesthetic gas (for example, 
xenon), and nitrogen. Measurement is expandable to another gas constituents, for example, carbon 
dioxide. 

An anesthesia apparatus is constituted as the mass spectrometer is advantageously combined via 
the gas lead pipe and control valve of the anesthetic gas collected by inspired gas, expired gas, and 
a case, or the returned respiratory gas. 

The anesthesia apparatus has at least one mass spectrometer. 

this mass spectrometer is built into the anesthesia machine, or it separates from the nearness (for 

example, — as what is called a rucksack state) of the anesthesia machine, or the anesthesia 

machine several meters, and it can be installed (to for example, inside of next Takumi). 

The mass spectrometer is functionally combined with the anesthesia machine. By two measurement 

channels, a mass spectrometer is simultaneous or can measure the gas which could supervise 

anesthesia gas circulation and was supplied from the xenon recovery system by turns in the short 

cycle. 

As a mass spectrometer, the device of marketing of a lei bolt company (Leybold AG) (Koeln) of the 
name of the eco-tech 500 (Ecotec500), It is suitable, and this device has a very compact structure 
form, and can already use a computer interface for transmission of a measurement signal. To an old 
mass spectrometer, it is usable without the expensive device peripheral equipment made usual, and, 
in the case of the device to which a sampling part ****s, the device of this marketing provides an 
actual measurement. This mass spectrometer is designed 1-100 a.m.u.s for time base ranges. 
Restriction of HE in this time base range makes a very compact structure form possible. The xenon 
which has the atomic mass 132 cannot be satisfactorily measured with such a device. This problem 
was solved by being ionized doubly because of measurement of a xenon (formation of Xe 2+ ). 
Measurement by mass spectrometry is usually performed with the cycle rate (Taktrate) of about 1 
measurement / second. A cycle rate can also be chosen from this short or for a long time. 
A recovery system is indirectly supervised from the anesthesia machine by the surveillance of the 
anesthetic-gas content gas in the case of penetration into the anesthesia machine. In spite of this 
indirect surveillance, it is because the restriction about the possibility of the reaction in the case of 
the obstacle of operation in recovery does not occur at all but it, that is, the collected gas are 
correctly controlled by the part used. 

The computer which usually exists in the anesthesia machine enables evaluation of the analytical 
value for a process control further. The anesthetic gas (for example, xenon) and the fresh 
anesthetic gas (from a gas bottle and the source of an anesthetic gas) which were collected are 
automatically mixable so that it may be adjusted in the anesthesia parameter set by the medical 
practitioner by a valve control device or the flow control device. Usually, in order to have to 
compensate the loss of the xenon produced within a device by addition of a fresh xenon, an 
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automatic regulation of the gas stream based on an analysis result provides a big advantage. The 
control of a mass spectrometer supported by the computer enables continuous record of the 
anesthesia parameter about gas, and follows, and satisfies the demand to perfect record of 
anesthesia advance. 

It can supervise and record what kind of substance mixture was supplied to the recovery system 
from the anesthesia machine by the sampling part in the call side branch of an anesthesia circuit. 
When two or more anesthesia machine is combined with one recovery system, regardless of other 
mass spectrometers, each mass spectrometer can also interrupt the gas supply from a recovery 
system in the case of an obstacle, or can also control the whole recovery system. When the 
surveillance of an anesthesia circuit is omitted for simplification, a recovery system can also be 
supervised with one mass spectrometer, and this mass spectrometer is arranged between the gas 
outlet of a recovery system, and the turning point to the anesthesia machine according to the 
number of the connected anesthesia machine. 

The above-mentioned analysis apparatus is also applicable to the anesthesia which used old 
laughter gas. Therefore, the surveillance of an anesthesia circuit can be performed regardless of the 
selected anesthetic gas. Therefore, this is a big advantage when the anesthesia machine of the 
latest style permits operation with a xenon or laughter gas selectively. In this case, a collection unit 
is not usually used for anesthesia using laughter gas. When the discarding treatment (vor-Ort- 
Vernichtung) in the spot of the laughter gas mixture which flows out of the reasons of environmental 
protection or work being safe in the future cannot but be needed, such a discarding treatment unit 
can be similarly supervised, controlled or recorded with a mass spectrometer. 
The above-mentioned inclusion to the device which consists of the selection and anesthesia 
machine, and recovery system of a mass spectrometer of the mass range which decreased in 
number is realizable about the expense than which it is more notably [ than the expense which made 
satisfy the above-mentioned functional demand thoroughly, and was expected to the further old 
mass spectrometer ] less. Therefore, the above-mentioned anesthesia apparatus enables on 
expense advantageous operation in which xenon anesthesia is still more economical. 
Drawing 1 shows the schematic diagram of the anesthesia apparatus as an example. This anesthesia 
apparatus The gas supply devices 1 (oxygen source) and 2 (a source of a xenon, the "Rh feed 
unit"), It has 3 (a xenon storage container, the collected xenon), the anesthesia machine 10, the 
control unit 12 (a computer or a microprocessor), the mass spectrometer 1 1, the monitor 13, and 
the xenon collection unit 1 5. Inspired gas is mixed via the valves 4 and 5 from the source 2 of a 
xenon and/or the xenon from 3 from oxygen from the oxygen source 1. The valves 4 and 5 are the 
so-called components of the gas mixture box (Gasmischbox) 1 7. Inspired gas (inhalation of air) is 
supplied to a patient via the lead pipe 22. Expired gas (expiration) 

The xenon recovery system 15 is supplied via ** and the lead pipe 24. The lead pipe 26 has reached 
the xenon storage container 3 from this xenon recovery system. The lead pipe 28 has reached the 
lead pipe 20 via the valve 6 from this storage container 3. 
This lead pipe 20 has reached all over the gas mixture box. 

the lead pipes 22 (inhalation of air) and 24 (expiration) and a lead pipe — the exit of 26 xenon 
recovery system is combined with the mass spectrometer via the by-pass lines 23, 25, and 27. The 
by-pass lines 23, 25, and 27 have the controllable valves 7, 8, and 9, respectively. The valves 4, 5, 6, 
7, 8, and 9 are controlled by a control unit (computer). This control unit is playing a role of the usual 
control similarly. 

The mass spectrometer has one or more interfaces (computer interface). 

The measurement signal which shows an analysis result is transmitted to a control unit via this 

interface. 

With a control unit, the content of gas constituents (for example, oxygen, a xenon, nitrogen) is 
calculated from a measurement signal. The control unit is connected to the monitor 1 3. 
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All the pertinent information is displayed on this monitor. 

The xenon recovery system 15 is realizable according to the Germany patent application public 
presentation No. 441 1533 specification, for example. Other xenon recovery methods can also be 
used similarly. 

For the :1. anesthesia start to which anesthesia which uses an anesthesia apparatus is 
advantageously carried out in many following stages (example which uses a xenon as an anesthetic 
gas), a patient has inspired gas (oxygen-xenon mixture) inhaled, and the presentation of inhalation of 
air and expiration is measured in this case. A patient's lung and respiratory channel are scavenged in 
the case of this start face. In the case of this face, expiration contains nitrogen. 

2. When the presentation of expiration is stabilized and a nitrogen content descends to an 
acceptable value, a xenon recovery system (determination of the starting point of a xenon recovery 
system) is connected. 

3. Anesthesia reaches a stillness face. The presentation of inhalation of air and expiration is started. 
Additionally, the presentation of the xenon gas from a xenon recovery system can be supervised. 

4. It changes from an anesthetic gas to usual respiratory gas (air) for the end of anesthesia. 
Especially in the case of this face, the nitrogen content in expiration is important. When a nitrogen 
content exceeds full limits (for example, 5 % of the weight), a lead pipe has combination with the 
expired gas of a xenon recovery system canceled promptly. 

The stages 1-4 need inhalation of air, expiration, and to always control the gas composition of a 
recovery system advantageously. Control is performed using one or more mass spectrometers. One 
mass spectrometer is enough by the connection by which the mass spectrometer was controlled. 
In order to be able to carry out safety study regardless of a control unit, the measurement signal of 
a mass spectrometer is possible (abgreifbar) in a pickup with a direct device advantageously. In 
achievement of specific full limits, alarm equipment can be operated. In a gap nonpermissible from 
the ideal value of a presentation of inhalation of air in supply of the collected xenon, it can change 
at the pure xenon from a storage compressed gas vessel (source of a xenon) (change of the xenon 
circuit to the 1st - and the feed unit for urgent). The actual measurement of gas composition is 
advantageously compared with the reference value of a comparison gas mixture (from a bellows 
(Druckdose)) direct or in a control unit in a mass spectrometer. Amendment of a mass spectrometer 
is similarly performed based on the comparison gas mixture from a bellows. Advantageously, mass 
part **** is adjusted so that alarm equipment may operate in descent of the pressure in a bellows. 
The automation of an anesthesia apparatus can also include the control for adjustment of the 
degree of gas flow rate about control of the valve supported by the computer. It is publicly known to 
a person skilled in the art how control of a gas stream is constituted. 

The conditions for anesthesia by few gas streams BAUMU (JanBaum), It is indicated in "Die 
Narkose mit niedrigemFrischgasfluss", the 2nd edition, Draegerwerk AG, Luebeck, and the pamphlet 
of 1 994 (ISBN 3-921 958-90-3). 
This literature is referred to. 

Source of reference mark list 1 oxygen-source 2 xenon 3 [ Mass spectrometer 12 control unit 
(computer) ] Xenon storage containers 4, 5, 6, 7, 8, and 9 Control valve 10 Anesthesia machine 1 1 
13 Monitor 14 patient 15 xenon recovery-system 16 Pump 17 gas-mixture boxes 20, 21, 22, 23, 24, 
and 25 Gas lead pipe. 



[Translation done.] 
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ABSTRACT 



An anesthesia system has ventilation gas supply flow struc- 
ture for supplying ventilation gas to a patient. Structure is 
provided for the exhaled gas and for recycling the anesthetic 
gas-containing gas. The system uses a mass spectrometer 
connected to these How structures to measure the content of 
at least one gas component in the gases and to control the 
flow through at least one of the How structures in accordance 
with at least one measured value of the gas content. 

17 Claims 1 Drawing Sheet 
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ANALYTICAL CONFIGURATION FOR 
MONITORING XENON-CONTAIN INC 
ANAESTHETIC GAS 

BACKGROUND OF THE INVENTION 



about 



,5 1,'hm thisv 
.. Met: 



ay. Th< 



gas has been 
;rature for many years 
advantages compaicd 
customary nowadays. 



Anesthesia with xenon as a 

described in the specialist medn 

now. There are a number of medic 

with laughing gas (N,0) which i 

However, the widespread introdui 

application has hitherto been impeded by the very much 

higher materials costs. 

Developments in recent years have drastically reduced 

this difference in costs. These include improved anesthetic 

methods with low gas consumption (low-flow technique; 

minimal-How technique) and methods for recovering the 

exhaled xenon mixture which make it possible to recycle the 

active component xenon in the anesthetic gas circulation 

(DE 44 11 533 CI). 

Hitherto, admixture of anesthetic gas components has 

taken place manually. 
DE 37 12 598 Al describes an inhalation anesthetic 

machine. Besides other anesthetic gases xenon is mentioned 

as anesthetic gas. The machine has a gas analyzer, which is 2 

not characterized in detail. 

DE 36 35 004 Al describes a mass spectrometer for 
monitoring respiratory gases, the mass spectrometer mea- 
suring the carbon dioxide level. 

Analytical determination of the anesthetic gas xenon is 3 
difficult as it is an inert gas. Gas analyzers customary in 
anesthetic machines are unsuitable for quantitative determi- 
nation of xenon. 

When xenon is used as anesthetic gas it is indispensable , 
to recycle xenon from the exhaled gas for cost reasons. 
When xenon is recycled into the ventilation gas (inspiration 
side), satisfactory and reliable measurements of the gas 
mixture composition in the inspiration branch is indispens- 
able. On the one hand, the gas mixture composition deliv- 
ered from the recovery must lie monitored continuously so 
that it is possible permanently to ensure the gas quality on 
recycling into the breathing circulation, and to switch over 
immediately to an auxiliary supply (for example gas 
cylinder) in the event of faults in the machine. On the other 4 « 
hand, the composition of the anesthetic gas in the breathing 
circulation must be continuously followed so that the clini- 
cian can monitor and control the progress of anesthesia 
individually. Besides the active component xenon and the 
respiratory component oxygen, it is additionally necessary „ 
to monitor the nitrogen content which is included as medi- 
cally acceptable residual impurity from the recovery and 
wlio.se accumulation in the breathing circulation must be 
limited. Besides reliable monitoring of the gas composition 
of inspired gas (gas for inhalation) and expired gas (gas 
exhaled by the patient), it is an object of the invention to 
automate the mixing of the respiratory gas components and 
the admixing of recycled anesthetic gas. 

flit invention now relates to an anesthesia system with 
mass spectrometer for quantitative measurement of at least 
one gas component in the ventilation gas, exhaled gas or 
recycled anesthetic gas-containing gas. 

Mass spectrometers can in general be connected via a 
membrane or capillary to a gas stream to be analyzed. 
Coupling via a membrane has the disadvantage of a large gas 65 
consumption (for example around 5 1/h). Coupling capil- 
laries is advantageous. The loss of gas can be reduced to 



miliary can consist .if plastic, 
apillaries are preferred, especially 
mem periods and lengthy capiliar- 
be employed, for example, with a 
eters. This permits flexibility in the 
ass spectrometer. 

the anesthesia system according 
ltaneous quan- 
■ oxygen, anes- 



with prolonged a 

ies. The capillaries may 
, length of from 6 to 10 rr 

site for setting up the m 
The mass spectromete 

to the invention is preferably used for si 

Illative measurement of the gas compoiie 
, Ihetic gas (for example xenon) and nitrog 

gas, expired gas or recycled anesthetic gas-containing gas. 

The measurement can be extended to other gas components 

such as carbon dioxide. 

The anesthesia system is advantageously designed so that 
. the mass spectrometer is connected via control valves to the 

gas lines for inspired gas, expired gas and, where 

appropriate, recovered anesthetic gas or recycled respiratory 



The anesthesia system 
trometer which can be 
machine, or 
anesthetic machine (for 



legrated into the anc 
the direct vicinity 
so-called 1 



up ill the direct vicinity of the 

. *)or 

some meters away from the anesthetic machine (for example 
in an adjacent room). The mass spectrometer is functionally 
. connected to the anesthetic machine. The mass spectrometer 
can both monitor the anesthetic gas circulation and measure 
the gas fed in from the xenon recovery via two measurement 
channels simultaneously or alternately in short cycles. 
A suitable mass spectrometer is a commercial apparatus 
i supplied by Leybold AG (Cologne) with the designation 
Ecotec 500, which has a very compact design and already 
has a computer interface for transmitting the measured 
signal. This commercial apparatus can be employed without 
the elaborate apparatus peripherals hitherto customary with 
mass spectrometers and, when the sampling points are 
appropriately arranged, provides real-time measured data. 
The mass spectrometer is designed for the mass range from 
1 to 100 atomic mass units. The restriction to this mass range 
makes a very compact design possible. Xenon has an atomic 
mass of 132 and cannot be determined directly with such an 
apparatus. I lie problem has been solved by doubly ionizing 
xenon (formation of Xe ; *) for the measurement. 

The mass spectrometric measurements usually take place 
with clock-pulse rates of 1 measurement/second. The clock- 
pulse rate can also be chosen to lie shorter or longer. 

The monitoring of the recovered anesthetic gas- 
containing gas on entry into the anesthetic machine means 
that the recovery system is indirectly monitored from the 
anesthetic machine Despite this indirect monitoring, there 
are no restrictions of any kind on the possibility of reacting 
to faults in the recovery operation, because the recovered gas 
is monitored exactly where it is used. 

The computer normally present in an anesthetic machine 
furthermore makes it possible to use the analytical data for 
process control. Recovered anesthetic gas (for example 
xenon) and fresh anesthetic gas (from the gas cylinder, 
anesthetic gas source) can be automatically mixed via a 
valve control or flow regulator so that the anesthesia param- 
eters preselected by the clinician are set up. Since the losses 
ol xenon which regularly occur in the system must .he 
compensated by adding fresh xenon, automatic control of 
the gas flows on the basis of the analytical results offers great 
advantages. In addition, the computer-assisted control of the 
mass spectrometer makes it possible continuously to docu- 
ment the gas-related anesthesia parameters and thus meets 
the requirement for continuous documentation of the 
progress of anesthesia. 
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It is furthermore possible to monitor and document, 
through a sampling point in the expiratory branch of the 
anesthesia circuit, which mixture of substances is fed from 
the anesthetic machine into the recovery. 

If several anesthetic machines are coupled to a single 5 
recovery system, it is possible for each mass spectrometer 
independently of the others to interrupt the gas supply from 
the recovery in the event of faults or else to block the 
recovery system entirely. If. for reasons erf simplicity, moni- 
toring of the anesthesia circuit is dispensed wilh. the recov- ». 
ery can also be monitored by a single mass spectrometer 
which, depending on the number of connected anesthetic 
machines, is positioned between the recovery gas outlet and 
the point of branching to the anesthetic machines. 

Hie described analytical configuration can also he used 
for anesthesia with conventional laughing gas It is therefore 
possible to monitor the anesthesia circuit irrespective of the 
anesthetic gas chosen. This is particularly advantageous 
when modern anesthetic machines permit operation with 
xenon or laughing gas as selected. As a rule, no recovery unit 
is employed for anesthesia with laughing gas. If, for envi- 
ronmental protection or worker safety reasons, in future it 
becomes necessary for the outflowing laughing gas mixture 
to be destroyed on she. it will also he possible lor such a ^ 
disposal unit likewise to be monitored, controlled or docu- 1 ~ 
mented with a mass spectrometer. 

The choice of a mass spectrometer with reduced mass 
range and the described linkage into the system of anesthetic 
machine and recovery system entirely meet the functional J( 
requirements described above and, furthermore, can be 
implemented at costs which are distinctly below those to be 
expected with conventional mass spectrometers. This means 
that the described anesthesia system is reasonably priced 
and, furthermore, permits economic operation of xenon 3 
anesthesia. 

BRIEF DESCRIPTION OF THE DRAWING 
M(i. 1 shows a diagram of an anesthesia system in 
accordance with this invention. 4 



fid. 1 shows a diagram of an anesthesia system as 
example. The anesthesia system contains the gas supplies 1 
(oxygen source), 2 (xenon source, -first supply"). 3 (xenon 
stored recovered xenon), an anesthetic machine II). control 
unit 12 (compute! or microprocessor), mass spectrometer 11 
and monitor 13, and xenon recovery unit 15. The ventilation 
gas is mixed via valves 4 and 5 from oxygen from the 
oxygen source I and from xenon from the xenon source 2 
and/or 3. Valves 4 and 5 are components of a so-called gas 
mixing box 17. flic ventilation gas (inspired) is fed to the 
patient via Line 22. The exhaled gas (expired) is fed to the 
xenon recovery 15 via line 24. Line 26 leads from the xenon 
recovery to the xenon store 3 Line 2S leads from the store 
3 via valve 6 into line 20, which leads into the gas mixing 
box. Lines 22 (inspired). 24 (expired) and line 26 (xenon 
recovery outlet) are connected to the mass spectrometer via 
bypass lines 23, 25 and 27. Bypass lines 23, 25 and 27 each 
have a controllable valve 7, 8 and 9. Valves 4, 5, 6, 7, 8 and 
9 are controlled by the control unit (computer). The control 
unit also undertakes the conventional control tasks. The 
mass spectrometer has one or more interfaces (computer 
interfaces) via which the measured signal, which represents 
the analytical result, is passed to the control unit. The control 
unit calculates the content of the gas components (for 



example oxygen, xenon, nitrogen) from the measured signal. 
The control unit is connected to the monitor 13 on which all 
the relevant information is shown. The xenon recovery 15 
can take place, for example, as described in DE 44 11 533. 
Other xenon recovery methods can likewise be employed. 

Anesthesia with the anesthesia system advantageously 
takes place in the following stages (example with xenon as 
anesthetic gas): 

1. At the start of anesthesia, the patient is ventilated with a 
ventilation gas (oxygen xenon mixture) and, during thus, 
the composition of the inspired gas and expired gas is 
determined. In this initial phase, the lungs and airways of 
the patient are flushed. The expired gas contains nitrogen 
in this phase. 

2. When the composition of the expired gas has stabilized 
and the nitrogen content has fallen to an acceptable level, 
the xenon recovery (determination of the starting point of 
the xenon recovery) is switched on. 

3. The anesthesia reaches a stationary phase. The composi- 
tions of the inspired gas and expired gas are monitored. It 
is additionally possible to monitor the composition of the 
xenon gas from the xenon recovery. 

4. The anesthesia is terminated by switching over from 
anesthetic gas to normal respiratory gas (air). The nitro- 
gen content in the expired gas is of particular interest in 
this phase. As soon as the nitrogen content exceeds a limit 
(for example 5 percent by weight), the line with the 
expired gas is uncoupled from the xenon recovery. 
Stages 1 to 4 require continuous monitoring of the com- 
position of the inspired, expired and, advantageously, recov- 
ered gases. The monitoring takes place with one or more 
mass spectrometers. Controlled coupling of the mass spec- 
trometer means that one mass spectrometer is sufficient. 

It is advantageous for it to be possible to pick up the 

; measured signal from the mass spectrometer directly on the 
machine in order to make a safety test possible indepen- 
dently of the control unit. When certain limits are reached, 
an alarm can be triggered. It is possible when recovered 
xenon is being fed in, and when the composition of the 

! inspired gas shows an unacceptable difference from the 
desired value, to switch over to pure xenon from the reserve 
compressed gas cylinder (xenon source) (Switching over 
from xenon circulation to first and emergency supplies). It is 
advantageous for the actual value of the gas composition to 

i be compared with a reference value from a reference gas 
mixture (for example from a pressure element) either 
directly in the mass spectrometer or in the control unit. The 
mass spectrometer can likewise be calibrated using a refer- 
ence gas mixture from a pressure element. The mass spec- 

: trometer is advantageously also arranged so that an alarm is 
triggered if the pressure in the pressure element falls. 

Automation of the anesthesia system may not only relate 
to computer-assisted control of valves but also comprise 
control of regulators for setting the gas flow rate. The design 

5 of a control for the gas flow rate is familiar to the skilled 

Conditions for anesthesia with a low gas flow rate are 
described in the booklet by Jan Baum "Die Narkose mit 
niedrigem FrischgasUup"' [Anesthesia with a Low Fresh Gas 
o Flow Rate], 2nd edition, Dragerwerk AG, Ltibeck, 1994 
(ISBN 3-921958-90-3), to which reference is made. 
List of Reference Numbers 
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10 anesthetic machine 

11 mass spectrometer 

12 control unit (computer) 

13 monitor 

14 patient 5 

15 xenon recovery 

16 pump 

17 s>as mixing box 

20, 21, 22, 23, 24, 25 gas ike 

What is claimed is: 10 
1. In an anesthesia system having ventilation gas supply 
flow structure for supplying ventilation gas to a patient, 
exhaled gas flow structure for receiving exhaled gas from 
the patient and recycled anesthetic gas-containing gas flow 
structure for receiving recycled anaesthetic gas, the 15 
improvement being a mass spectrometer connected to the 
flow structures, the mass spectrometer measuring a content 
of at least one gas component in the ventilation exhaled or 
recycled anaesthetic gases, and the mass spectrometer con- 
trolling flow of the ventilation, exhaled or recycled anaes- :n 
thetic gases through at least one of the flow structures iu 
accordance with a measured \alue ot the content. 

2. Anesthesia system as claimed in claim 1 including 
structure for the mass spectrometer for simultaneous quan- 
titative measurement of oxy gen, anesthetic gas and nitrogen. ;j 
claimed in claim 2, wherein the 

claimed in claim 3, wherein the 
;ctcd via one or more capillaries 

5. Anesthesia system as claimed in claim 4, wherein the 
mass spectrometer is connected via one or more capillaries 
to the measuring points, and the length of the capillaries is 
in the range from 1 to 10 meters. 

6. Anesthesia system as claimed in claim 5, wherein the 35 
mass spectrometer is connected via one or more capillaries 
to the measuring points, and the capillaries consist of plastic, 
metal or glass. 

7. Anesthesia system as claimed in claim 6, wherein the 
mass spectrometer is integrated into an anesthetic machine, 



3. Anesthesia system a: 
mass spectrometer contro 

4. Anesthesia system a 
mass spectrometer is com 



and the mass spectrometer is attached as backpack to the 
anesthetic machine. 

8. Anesthesia system as claimed in claim 6, wherein the 
mass spectrometer is integrated into an anesthetic machine 
or is spatially separated from the machine. 

9. Anesthesia system as claimed in claim 1, wherein 
xenon is employed as anesthetic gas, and the recovery of 
xenon from the exhaled gas is monitored or controlled by the 
mass spectrometer. 

10. Anesthesia system as claimed in ( 
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asuring points alternately. 

11. Anesthesia system as claimed in claim 1, wherein the 
iss .spectrometer controls a safely unit. 

12. Anesthesia system as claimed i 
mass spectrometer is connected via r 
to one or more measuring points. 

13. Anesthesia system as claimed i 
n mass spectrometer is connected via one or moi 

to measuring points, and the length of the capill; 
range from 1 to 10 meters. 

14. Anesthesia system as claimed 
mass spectrometer is connected via 

3 to measuring points, and the capill; 
metal or glass. 

15 Anesthesia system as claimed in claim 1, wherein the 
mass spectrometer is integrated into an anesthetic machine, 
and the mass spectrometer Ls attached as backpack to the 
1 anesthetic machine. 

16. Anesthesia system as claimed in claim 1, wherein 
xenon is employed as anesthetic gas, and the recovery of 
xenon from the exhaled gas is monitored or controlled by the 

17. Anesthesia system as claimed in claim 1, wherein the 
mass spectrometer makes continuoi 
eral measuring points alternately. 



claim 1, wherein the 
e or more capillaries 

claim 1, wherein the 
ipillaries 



n 1, wherein the 
msist of plastic, 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

1. In an anesthesia apparatus, this anesthesia apparatus has a mass spectrometer (11), An 
anesthesia apparatus, wherein inhalation of air, expiration, or at least one returned gas constituents 
of anesthetic-gas content gas are quantitatively measured using this mass spectrometer (11) and 
this measured value is used for control of this anesthesia apparatus. 

2. Anesthesia apparatus according to claim 1 for measuring simultaneously gas constituents, i.e., 
oxygen, anesthetic gas, and nitrogen quantitatively. 

3. Anesthesia apparatus according to claim 1 or 2 by which safeguard is controlled by mass 
spectrometer (1 1). 

4. Anesthesia apparatus given in any 1 paragraph to claims 1-3 by which mass spectrometer (1 1) is 
combined with measurement point via one or more capillary tubes. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

Analysis apparatus for the surveillance of a xenon content anesthetic gas The anesthetization using 
the xenon as an anesthetic gas is already written in the medicine-related technical book from 
before for many years. There are a series of medical advantages today as compared with laughter 
gas (N 2 0) in ordinary use. However, broad introduction of the xenon to the above-mentioned 
application and a high raw material cost remarkable until now disagreed. 

The difference of such cost decreased dramatically by development in recent years, the improved 
anesthesia process (low Floe process (Low Flow-Technik); the minimum Floe process (Minimal-Flow 
Technik)) to which gas consumption decreased in this development — and, The recovery method 
(the Germany patent No. 441 1533 specification (CD) for the called xenon mixture which enables 
return of the operation ingredient xenon to the inside of an anesthesia gas circulation way is 
included. 

Mixing of the anesthetic-gas ingredient was performed by handicraft until now. 

The inhaler is written in the Germany patent application public presentation No. 3712598 

specification (A1). The xenon is mentioned with other anesthetic gases as an anesthetic gas. This 

anesthesia machine is available via the gas analyser which is not specified in detail. 

In the Germany patent application public presentation No. 3635004 specification (A1), the mass 

spectrometer for the surveillance of respiratory gas is written, and this mass spectrometer 

measures the amount of carbon dioxide in this case. 

The xenon which is an anesthetic gas is remarkably difficult to measure by analysis as noble gas. 
The gas analyser of daily use in the case of the anesthesia machine is unsuitable to fixed-quantity 
measurement of a xenon. 

Since [ in use of the xenon as an anesthetic gas / return of the xenon from expired gas / cost ], it 
is absolute necessity. The measurement which in return of the xenon of a under [ inhalation of air 
(inhaler side) ] the gas mixture thing-constituent of an inlet-side branch (Inspirationszweig) is 
perfect, and can be trusted is inescapable. On the other hand, in order to enable it to change to an 
auxiliary feeding means (for example, gas bomb) promptly in the case of failure of a device so that 
the quality of the gas in the case of return all over a respiratory circuit can be secured eternally, 
The gas mixture thing-constituent supplied by recovery must be supervised continuously.On the 
other hand, in order [ which supervises advance of a medical practitioner's anesthesia individually / 
which can carry out things and is controlled ] to be able to carry out things, the presentation of the 
anesthetic gas in a respiratory circuit must be pursued continuously. The nitrogen content to which 
it produces medically as [ both ] a remains impurity for which it can substitute, and the enrichment 
in a respiratory circuit must be additionally restricted from recovery must be supervised [ others / 
an operation ingredient, i.e., a xenon, and a respiratory ingredient, i.e., oxygen, ]. 
Automation of mixing of the anesthetic gas with which the respiratory gas ingredient other than the 
surveillance which the gas composition of inspired gas (gas for inspiration) and expired gas (gas 
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called by the patient) can trust was mixed and returned is a technical problem of this invention. 
The object of this invention is an anesthesia apparatus which has a mass spectrometer for 
quantitive measurement of at least one gas constituents in inspired gas, expired gas, or the returned 
anesthetic-gas content gas. 

A mass spectrometer is usually combinable with the gas stream which should be analyzed via a film 
or a capillary tube. The combination through a film has a fault of high gas consumption (about 5 l/h). 
The combination through a capillary tube is advantageous. Thus, the gas consumption can decrease 
to about 0.5 l/h. The capillary tube can consist of a plastic, metal, or glass. In the case of especially 
comparatively long measuring time and a comparatively long capillary tube, a capillary tube consists 
of metal advantageously. For example, the capillary tube which has the length 6-1 0m can be used. 
The pliability regarding the place about installation of a mass spectrometer becomes possible by 
this. 

In the case of the anesthesia apparatus by this invention, a mass spectrometer is used 
advantageously at simultaneous quantitive measurement of the gas constituents of inspired gas, 
expired gas, or the returned anesthetic-gas content gas, i.e., oxygen, an anesthetic gas (for example, 
xenon), and nitrogen. Measurement is expandable to another gas constituents, for example, carbon 
dioxide. 

An anesthesia apparatus is constituted as the mass spectrometer is advantageously combined via 
the gas lead pipe and control valve of the anesthetic gas collected by inspired gas, expired gas, and 
a case, or the returned respiratory gas. 

The anesthesia apparatus has at least one mass spectrometer. 

this mass spectrometer is built into the anesthesia machine, or it separates from the nearness (for 

example, — as what is called a rucksack state) of the anesthesia machine, or the anesthesia 

machine several meters, and it can be installed (to for example, inside of next Takumi). 

The mass spectrometer is functionally combined with the anesthesia machine. By two measurement 

channels, a mass spectrometer is simultaneous or can measure the gas which could supervise 

anesthesia gas circulation and was supplied from the xenon recovery system by turns in the short 

cycle. 

As a mass spectrometer, the device of marketing of a lei bolt company (Leybold AG) (Koeln) of the 
name of the eco-tech 500 (Ecotec500), It is suitable, and this device has a very compact structure 
form, and can already use a computer interface for transmission of a measurement signal. To an old 
mass spectrometer, it is usable without the expensive device peripheral equipment made usual, and, 
in the case of the device to which a sampling part ****s, the device of this marketing provides an 
actual measurement. This mass spectrometer is designed 1-100 a.m.u.s for time base ranges. 
Restriction of HE in this time base range makes a very compact structure form possible. The xenon 
which has the atomic mass 132 cannot be satisfactorily measured with such a device. This problem 
was solved by being ionized doubly because of measurement of a xenon (formation of Xe 2+ ). 
Measurement by mass spectrometry is usually performed with the cycle rate (Taktrate) of about 1 
measurement / second. A cycle rate can also be chosen from this short or for a long time. 
A recovery system is indirectly supervised from the anesthesia machine by the surveillance of the 
anesthetic-gas content gas in the case of penetration into the anesthesia machine. In spite of this 
indirect surveillance, it is because the restriction about the possibility of the reaction in the case of 
the obstacle of operation in recovery does not occur at all but it, that is, the collected gas are 
correctly controlled by the part used. 

The computer which usually exists in the anesthesia machine enables evaluation of the analytical 
value for a process control further. The anesthetic gas (for example, xenon) and the fresh 
anesthetic gas (from a gas bottle and the source of an anesthetic gas) which were collected are 
automatically mixable so that it may be adjusted in the anesthesia parameter set by the medical 
practitioner by a valve control device or the flow control device. Usually, in order to have to 
compensate the loss of the xenon produced within a device by addition of a fresh xenon, an 
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automatic regulation of the gas stream based on an analysis result provides a big advantage. The 
control of a mass spectrometer supported by the computer enables continuous record of the 
anesthesia parameter about gas, and follows, and satisfies the demand to perfect record of 
anesthesia advance. 

It can supervise and record what kind of substance mixture was supplied to the recovery system 
from the anesthesia machine by the sampling part in the call side branch of an anesthesia circuit. 
When two or more anesthesia machine is combined with one recovery system, regardless of other 
mass spectrometers, each mass spectrometer can also interrupt the gas supply from a recovery 
system in the case of an obstacle, or can also control the whole recovery system. When the 
surveillance of an anesthesia circuit is omitted for simplification, a recovery system can also be 
supervised with one mass spectrometer, and this mass spectrometer is arranged between the gas 
outlet of a recovery system, and the turning point to the anesthesia machine according to the 
number of the connected anesthesia machine. 

The above-mentioned analysis apparatus is also applicable to the anesthesia which used old 
laughter gas. Therefore, the surveillance of an anesthesia circuit can be performed regardless of the 
selected anesthetic gas. Therefore, this is a big advantage when the anesthesia machine of the 
latest style permits operation with a xenon or laughter gas selectively. In this case, a collection unit 
is not usually used for anesthesia using laughter gas. When the discarding treatment (vor-Ort- 
Vernichtung) in the spot of the laughter gas mixture which flows out of the reasons of environmental 
protection or work being safe in the future cannot but be needed, such a discarding treatment unit 
can be similarly supervised, controlled or recorded with a mass spectrometer. 
The above-mentioned inclusion to the device which consists of the selection and anesthesia 
machine, and recovery system of a mass spectrometer of the mass range which decreased in 
number is realizable about the expense than which it is more notably [ than the expense which made 
satisfy the above-mentioned functional demand thoroughly, and was expected to the further old 
mass spectrometer ] less. Therefore, the above-mentioned anesthesia apparatus enables on 
expense advantageous operation in which xenon anesthesia is still more economical. 
Drawing 1 shows the schematic diagram of the anesthesia apparatus as an example. This anesthesia 
apparatus The gas supply devices 1 (oxygen source) and 2 (a source of a xenon, the "Rh feed 
unit"), It has 3 (a xenon storage container, the collected xenon), the anesthesia machine 10, the 
control unit 12 (a computer or a microprocessor), the mass spectrometer 1 1, the monitor 13, and 
the xenon collection unit 1 5. Inspired gas is mixed via the valves 4 and 5 from the source 2 of a 
xenon and/or the xenon from 3 from oxygen from the oxygen source 1. The valves 4 and 5 are the 
so-called components of the gas mixture box (Gasmischbox) 1 7. Inspired gas (inhalation of air) is 
supplied to a patient via the lead pipe 22. Expired gas (expiration) 

The xenon recovery system 15 is supplied via ** and the lead pipe 24. The lead pipe 26 has reached 
the xenon storage container 3 from this xenon recovery system. The lead pipe 28 has reached the 
lead pipe 20 via the valve 6 from this storage container 3. 
This lead pipe 20 has reached all over the gas mixture box. 

the lead pipes 22 (inhalation of air) and 24 (expiration) and a lead pipe — the exit of 26 xenon 
recovery system is combined with the mass spectrometer via the by-pass lines 23, 25, and 27. The 
by-pass lines 23, 25, and 27 have the controllable valves 7, 8, and 9, respectively. The valves 4, 5, 6, 
7, 8, and 9 are controlled by a control unit (computer). This control unit is playing a role of the usual 
control similarly. 

The mass spectrometer has one or more interfaces (computer interface). 

The measurement signal which shows an analysis result is transmitted to a control unit via this 

interface. 

With a control unit, the content of gas constituents (for example, oxygen, a xenon, nitrogen) is 
calculated from a measurement signal. The control unit is connected to the monitor 1 3. 
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All the pertinent information is displayed on this monitor. 

The xenon recovery system 15 is realizable according to the Germany patent application public 
presentation No. 441 1533 specification, for example. Other xenon recovery methods can also be 
used similarly. 

For the :1. anesthesia start to which anesthesia which uses an anesthesia apparatus is 
advantageously carried out in many following stages (example which uses a xenon as an anesthetic 
gas), a patient has inspired gas (oxygen-xenon mixture) inhaled, and the presentation of inhalation of 
air and expiration is measured in this case. A patient's lung and respiratory channel are scavenged in 
the case of this start face. In the case of this face, expiration contains nitrogen. 

2. When the presentation of expiration is stabilized and a nitrogen content descends to an 
acceptable value, a xenon recovery system (determination of the starting point of a xenon recovery 
system) is connected. 

3. Anesthesia reaches a stillness face. The presentation of inhalation of air and expiration is started. 
Additionally, the presentation of the xenon gas from a xenon recovery system can be supervised. 

4. It changes from an anesthetic gas to usual respiratory gas (air) for the end of anesthesia. 
Especially in the case of this face, the nitrogen content in expiration is important. When a nitrogen 
content exceeds full limits (for example, 5 % of the weight), a lead pipe has combination with the 
expired gas of a xenon recovery system canceled promptly. 

The stages 1-4 need inhalation of air, expiration, and to always control the gas composition of a 
recovery system advantageously. Control is performed using one or more mass spectrometers. One 
mass spectrometer is enough by the connection by which the mass spectrometer was controlled. 
In order to be able to carry out safety study regardless of a control unit, the measurement signal of 
a mass spectrometer is possible (abgreifbar) in a pickup with a direct device advantageously. In 
achievement of specific full limits, alarm equipment can be operated. In a gap nonpermissible from 
the ideal value of a presentation of inhalation of air in supply of the collected xenon, it can change 
at the pure xenon from a storage compressed gas vessel (source of a xenon) (change of the xenon 
circuit to the 1st - and the feed unit for urgent). The actual measurement of gas composition is 
advantageously compared with the reference value of a comparison gas mixture (from a bellows 
(Druckdose)) direct or in a control unit in a mass spectrometer. Amendment of a mass spectrometer 
is similarly performed based on the comparison gas mixture from a bellows. Advantageously, mass 
part **** is adjusted so that alarm equipment may operate in descent of the pressure in a bellows. 
The automation of an anesthesia apparatus can also include the control for adjustment of the 
degree of gas flow rate about control of the valve supported by the computer. It is publicly known to 
a person skilled in the art how control of a gas stream is constituted. 

The conditions for anesthesia by few gas streams BAUMU (JanBaum), It is indicated in "Die 
Narkose mit niedrigemFrischgasfluss", the 2nd edition, Draegerwerk AG, Luebeck, and the pamphlet 
of 1 994 (ISBN 3-921 958-90-3). 
This literature is referred to. 

Source of reference mark list 1 oxygen-source 2 xenon 3 [ Mass spectrometer 12 control unit 
(computer) ] Xenon storage containers 4, 5, 6, 7, 8, and 9 Control valve 10 Anesthesia machine 1 1 
13 Monitor 14 patient 15 xenon recovery-system 16 Pump 17 gas-mixture boxes 20, 21, 22, 23, 24, 
and 25 Gas lead pipe. 



[Translation done.] 
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ABSTRACT 



An anesthesia system has ventilation gas supply flow struc- 
ture for supplying ventilation gas to a patient. Structure is 
provided for the exhaled gas and for recycling the anesthetic 
gas-containing gas. The system uses a mass spectrometer 
connected to these How structures to measure the content of 
at least one gas component in the gases and to control the 
flow through at least one of the How structures in accordance 
with at least one measured value of the gas content. 

17 Claims 1 Drawing Sheet 
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ANALYTICAL CONFIGURATION FOR 
MONITORING XENON-CONTAIN INC 
ANAESTHETIC GAS 

BACKGROUND OF THE INVENTION 



about 



,5 1,'hm thisv 
.. Met: 



ay. Th< 



gas has been 
;rature for many years 
advantages compaicd 
customary nowadays. 



Anesthesia with xenon as a 

described in the specialist medn 

now. There are a number of medic 

with laughing gas (N,0) which i 

However, the widespread introdui 

application has hitherto been impeded by the very much 

higher materials costs. 

Developments in recent years have drastically reduced 

this difference in costs. These include improved anesthetic 

methods with low gas consumption (low-flow technique; 

minimal-How technique) and methods for recovering the 

exhaled xenon mixture which make it possible to recycle the 

active component xenon in the anesthetic gas circulation 

(DE 44 11 533 CI). 

Hitherto, admixture of anesthetic gas components has 

taken place manually. 
DE 37 12 598 Al describes an inhalation anesthetic 

machine. Besides other anesthetic gases xenon is mentioned 

as anesthetic gas. The machine has a gas analyzer, which is 2 

not characterized in detail. 

DE 36 35 004 Al describes a mass spectrometer for 
monitoring respiratory gases, the mass spectrometer mea- 
suring the carbon dioxide level. 

Analytical determination of the anesthetic gas xenon is 3 
difficult as it is an inert gas. Gas analyzers customary in 
anesthetic machines are unsuitable for quantitative determi- 
nation of xenon. 

When xenon is used as anesthetic gas it is indispensable , 
to recycle xenon from the exhaled gas for cost reasons. 
When xenon is recycled into the ventilation gas (inspiration 
side), satisfactory and reliable measurements of the gas 
mixture composition in the inspiration branch is indispens- 
able. On the one hand, the gas mixture composition deliv- 
ered from the recovery must lie monitored continuously so 
that it is possible permanently to ensure the gas quality on 
recycling into the breathing circulation, and to switch over 
immediately to an auxiliary supply (for example gas 
cylinder) in the event of faults in the machine. On the other 4 « 
hand, the composition of the anesthetic gas in the breathing 
circulation must be continuously followed so that the clini- 
cian can monitor and control the progress of anesthesia 
individually. Besides the active component xenon and the 
respiratory component oxygen, it is additionally necessary „ 
to monitor the nitrogen content which is included as medi- 
cally acceptable residual impurity from the recovery and 
wlio.se accumulation in the breathing circulation must be 
limited. Besides reliable monitoring of the gas composition 
of inspired gas (gas for inhalation) and expired gas (gas 
exhaled by the patient), it is an object of the invention to 
automate the mixing of the respiratory gas components and 
the admixing of recycled anesthetic gas. 

flit invention now relates to an anesthesia system with 
mass spectrometer for quantitative measurement of at least 
one gas component in the ventilation gas, exhaled gas or 
recycled anesthetic gas-containing gas. 

Mass spectrometers can in general be connected via a 
membrane or capillary to a gas stream to be analyzed. 
Coupling via a membrane has the disadvantage of a large gas 65 
consumption (for example around 5 1/h). Coupling capil- 
laries is advantageous. The loss of gas can be reduced to 



miliary can consist .if plastic, 
apillaries are preferred, especially 
mem periods and lengthy capiliar- 
be employed, for example, with a 
eters. This permits flexibility in the 
ass spectrometer. 

the anesthesia system according 
ltaneous quan- 
■ oxygen, anes- 



with prolonged a 

ies. The capillaries may 
, length of from 6 to 10 rr 

site for setting up the m 
The mass spectromete 

to the invention is preferably used for si 

Illative measurement of the gas compoiie 
, Ihetic gas (for example xenon) and nitrog 

gas, expired gas or recycled anesthetic gas-containing gas. 

The measurement can be extended to other gas components 

such as carbon dioxide. 

The anesthesia system is advantageously designed so that 
. the mass spectrometer is connected via control valves to the 

gas lines for inspired gas, expired gas and, where 

appropriate, recovered anesthetic gas or recycled respiratory 



The anesthesia system 
trometer which can be 
machine, or 
anesthetic machine (for 



legrated into the anc 
the direct vicinity 
so-called 1 



up ill the direct vicinity of the 

. *)or 

some meters away from the anesthetic machine (for example 
in an adjacent room). The mass spectrometer is functionally 
. connected to the anesthetic machine. The mass spectrometer 
can both monitor the anesthetic gas circulation and measure 
the gas fed in from the xenon recovery via two measurement 
channels simultaneously or alternately in short cycles. 
A suitable mass spectrometer is a commercial apparatus 
i supplied by Leybold AG (Cologne) with the designation 
Ecotec 500, which has a very compact design and already 
has a computer interface for transmitting the measured 
signal. This commercial apparatus can be employed without 
the elaborate apparatus peripherals hitherto customary with 
mass spectrometers and, when the sampling points are 
appropriately arranged, provides real-time measured data. 
The mass spectrometer is designed for the mass range from 
1 to 100 atomic mass units. The restriction to this mass range 
makes a very compact design possible. Xenon has an atomic 
mass of 132 and cannot be determined directly with such an 
apparatus. I lie problem has been solved by doubly ionizing 
xenon (formation of Xe ; *) for the measurement. 

The mass spectrometric measurements usually take place 
with clock-pulse rates of 1 measurement/second. The clock- 
pulse rate can also be chosen to lie shorter or longer. 

The monitoring of the recovered anesthetic gas- 
containing gas on entry into the anesthetic machine means 
that the recovery system is indirectly monitored from the 
anesthetic machine Despite this indirect monitoring, there 
are no restrictions of any kind on the possibility of reacting 
to faults in the recovery operation, because the recovered gas 
is monitored exactly where it is used. 

The computer normally present in an anesthetic machine 
furthermore makes it possible to use the analytical data for 
process control. Recovered anesthetic gas (for example 
xenon) and fresh anesthetic gas (from the gas cylinder, 
anesthetic gas source) can be automatically mixed via a 
valve control or flow regulator so that the anesthesia param- 
eters preselected by the clinician are set up. Since the losses 
ol xenon which regularly occur in the system must .he 
compensated by adding fresh xenon, automatic control of 
the gas flows on the basis of the analytical results offers great 
advantages. In addition, the computer-assisted control of the 
mass spectrometer makes it possible continuously to docu- 
ment the gas-related anesthesia parameters and thus meets 
the requirement for continuous documentation of the 
progress of anesthesia. 
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It is furthermore possible to monitor and document, 
through a sampling point in the expiratory branch of the 
anesthesia circuit, which mixture of substances is fed from 
the anesthetic machine into the recovery. 

If several anesthetic machines are coupled to a single 5 
recovery system, it is possible for each mass spectrometer 
independently of the others to interrupt the gas supply from 
the recovery in the event of faults or else to block the 
recovery system entirely. If. for reasons erf simplicity, moni- 
toring of the anesthesia circuit is dispensed wilh. the recov- ». 
ery can also be monitored by a single mass spectrometer 
which, depending on the number of connected anesthetic 
machines, is positioned between the recovery gas outlet and 
the point of branching to the anesthetic machines. 

Hie described analytical configuration can also he used 
for anesthesia with conventional laughing gas It is therefore 
possible to monitor the anesthesia circuit irrespective of the 
anesthetic gas chosen. This is particularly advantageous 
when modern anesthetic machines permit operation with 
xenon or laughing gas as selected. As a rule, no recovery unit 
is employed for anesthesia with laughing gas. If, for envi- 
ronmental protection or worker safety reasons, in future it 
becomes necessary for the outflowing laughing gas mixture 
to be destroyed on she. it will also he possible lor such a ^ 
disposal unit likewise to be monitored, controlled or docu- 1 ~ 
mented with a mass spectrometer. 

The choice of a mass spectrometer with reduced mass 
range and the described linkage into the system of anesthetic 
machine and recovery system entirely meet the functional J( 
requirements described above and, furthermore, can be 
implemented at costs which are distinctly below those to be 
expected with conventional mass spectrometers. This means 
that the described anesthesia system is reasonably priced 
and, furthermore, permits economic operation of xenon 3 
anesthesia. 

BRIEF DESCRIPTION OF THE DRAWING 
M(i. 1 shows a diagram of an anesthesia system in 
accordance with this invention. 4 



fid. 1 shows a diagram of an anesthesia system as 
example. The anesthesia system contains the gas supplies 1 
(oxygen source), 2 (xenon source, -first supply"). 3 (xenon 
stored recovered xenon), an anesthetic machine II). control 
unit 12 (compute! or microprocessor), mass spectrometer 11 
and monitor 13, and xenon recovery unit 15. The ventilation 
gas is mixed via valves 4 and 5 from oxygen from the 
oxygen source I and from xenon from the xenon source 2 
and/or 3. Valves 4 and 5 are components of a so-called gas 
mixing box 17. flic ventilation gas (inspired) is fed to the 
patient via Line 22. The exhaled gas (expired) is fed to the 
xenon recovery 15 via line 24. Line 26 leads from the xenon 
recovery to the xenon store 3 Line 2S leads from the store 
3 via valve 6 into line 20, which leads into the gas mixing 
box. Lines 22 (inspired). 24 (expired) and line 26 (xenon 
recovery outlet) are connected to the mass spectrometer via 
bypass lines 23, 25 and 27. Bypass lines 23, 25 and 27 each 
have a controllable valve 7, 8 and 9. Valves 4, 5, 6, 7, 8 and 
9 are controlled by the control unit (computer). The control 
unit also undertakes the conventional control tasks. The 
mass spectrometer has one or more interfaces (computer 
interfaces) via which the measured signal, which represents 
the analytical result, is passed to the control unit. The control 
unit calculates the content of the gas components (for 



example oxygen, xenon, nitrogen) from the measured signal. 
The control unit is connected to the monitor 13 on which all 
the relevant information is shown. The xenon recovery 15 
can take place, for example, as described in DE 44 11 533. 
Other xenon recovery methods can likewise be employed. 

Anesthesia with the anesthesia system advantageously 
takes place in the following stages (example with xenon as 
anesthetic gas): 

1. At the start of anesthesia, the patient is ventilated with a 
ventilation gas (oxygen xenon mixture) and, during thus, 
the composition of the inspired gas and expired gas is 
determined. In this initial phase, the lungs and airways of 
the patient are flushed. The expired gas contains nitrogen 
in this phase. 

2. When the composition of the expired gas has stabilized 
and the nitrogen content has fallen to an acceptable level, 
the xenon recovery (determination of the starting point of 
the xenon recovery) is switched on. 

3. The anesthesia reaches a stationary phase. The composi- 
tions of the inspired gas and expired gas are monitored. It 
is additionally possible to monitor the composition of the 
xenon gas from the xenon recovery. 

4. The anesthesia is terminated by switching over from 
anesthetic gas to normal respiratory gas (air). The nitro- 
gen content in the expired gas is of particular interest in 
this phase. As soon as the nitrogen content exceeds a limit 
(for example 5 percent by weight), the line with the 
expired gas is uncoupled from the xenon recovery. 
Stages 1 to 4 require continuous monitoring of the com- 
position of the inspired, expired and, advantageously, recov- 
ered gases. The monitoring takes place with one or more 
mass spectrometers. Controlled coupling of the mass spec- 
trometer means that one mass spectrometer is sufficient. 

It is advantageous for it to be possible to pick up the 

; measured signal from the mass spectrometer directly on the 
machine in order to make a safety test possible indepen- 
dently of the control unit. When certain limits are reached, 
an alarm can be triggered. It is possible when recovered 
xenon is being fed in, and when the composition of the 

! inspired gas shows an unacceptable difference from the 
desired value, to switch over to pure xenon from the reserve 
compressed gas cylinder (xenon source) (Switching over 
from xenon circulation to first and emergency supplies). It is 
advantageous for the actual value of the gas composition to 

i be compared with a reference value from a reference gas 
mixture (for example from a pressure element) either 
directly in the mass spectrometer or in the control unit. The 
mass spectrometer can likewise be calibrated using a refer- 
ence gas mixture from a pressure element. The mass spec- 

: trometer is advantageously also arranged so that an alarm is 
triggered if the pressure in the pressure element falls. 

Automation of the anesthesia system may not only relate 
to computer-assisted control of valves but also comprise 
control of regulators for setting the gas flow rate. The design 

5 of a control for the gas flow rate is familiar to the skilled 

Conditions for anesthesia with a low gas flow rate are 
described in the booklet by Jan Baum "Die Narkose mit 
niedrigem FrischgasUup"' [Anesthesia with a Low Fresh Gas 
o Flow Rate], 2nd edition, Dragerwerk AG, Ltibeck, 1994 
(ISBN 3-921958-90-3), to which reference is made. 
List of Reference Numbers 



4, 5, 6, 7, 8, 9, valve, controlled 
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10 anesthetic machine 

11 mass spectrometer 

12 control unit (computer) 

13 monitor 

14 patient 5 

15 xenon recovery 

16 pump 

17 s>as mixing box 

20, 21, 22, 23, 24, 25 gas ike 

What is claimed is: 10 
1. In an anesthesia system having ventilation gas supply 
flow structure for supplying ventilation gas to a patient, 
exhaled gas flow structure for receiving exhaled gas from 
the patient and recycled anesthetic gas-containing gas flow 
structure for receiving recycled anaesthetic gas, the 15 
improvement being a mass spectrometer connected to the 
flow structures, the mass spectrometer measuring a content 
of at least one gas component in the ventilation exhaled or 
recycled anaesthetic gases, and the mass spectrometer con- 
trolling flow of the ventilation, exhaled or recycled anaes- :n 
thetic gases through at least one of the flow structures iu 
accordance with a measured \alue ot the content. 

2. Anesthesia system as claimed in claim 1 including 
structure for the mass spectrometer for simultaneous quan- 
titative measurement of oxy gen, anesthetic gas and nitrogen. ;j 
claimed in claim 2, wherein the 

claimed in claim 3, wherein the 
;ctcd via one or more capillaries 

5. Anesthesia system as claimed in claim 4, wherein the 
mass spectrometer is connected via one or more capillaries 
to the measuring points, and the length of the capillaries is 
in the range from 1 to 10 meters. 

6. Anesthesia system as claimed in claim 5, wherein the 35 
mass spectrometer is connected via one or more capillaries 
to the measuring points, and the capillaries consist of plastic, 
metal or glass. 

7. Anesthesia system as claimed in claim 6, wherein the 
mass spectrometer is integrated into an anesthetic machine, 



3. Anesthesia system a: 
mass spectrometer contro 

4. Anesthesia system a 
mass spectrometer is com 



and the mass spectrometer is attached as backpack to the 
anesthetic machine. 

8. Anesthesia system as claimed in claim 6, wherein the 
mass spectrometer is integrated into an anesthetic machine 
or is spatially separated from the machine. 

9. Anesthesia system as claimed in claim 1, wherein 
xenon is employed as anesthetic gas, and the recovery of 
xenon from the exhaled gas is monitored or controlled by the 
mass spectrometer. 

10. Anesthesia system as claimed in ( 



ssspeell 



tsfor.se 



asuring points alternately. 

11. Anesthesia system as claimed in claim 1, wherein the 
iss .spectrometer controls a safely unit. 

12. Anesthesia system as claimed i 
mass spectrometer is connected via r 
to one or more measuring points. 

13. Anesthesia system as claimed i 
n mass spectrometer is connected via one or moi 

to measuring points, and the length of the capill; 
range from 1 to 10 meters. 

14. Anesthesia system as claimed 
mass spectrometer is connected via 

3 to measuring points, and the capill; 
metal or glass. 

15 Anesthesia system as claimed in claim 1, wherein the 
mass spectrometer is integrated into an anesthetic machine, 
and the mass spectrometer Ls attached as backpack to the 
1 anesthetic machine. 

16. Anesthesia system as claimed in claim 1, wherein 
xenon is employed as anesthetic gas, and the recovery of 
xenon from the exhaled gas is monitored or controlled by the 

17. Anesthesia system as claimed in claim 1, wherein the 
mass spectrometer makes continuoi 
eral measuring points alternately. 



claim 1, wherein the 
e or more capillaries 

claim 1, wherein the 
ipillaries 



n 1, wherein the 
msist of plastic, 



